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Legend Location of study sites
Figure 1.2 Location of study sites within Thames Gateway area of South-east England.
Basemap source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping,
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Figure 2.7 Biplot scores for carabid species (????????????????????????????? ???????????????????????
calculated with Canonical Correspondence Analysis of the carabid assemblage at Canvey Wick in 2015,
as determined from captures in pitfall traps. Management treatments are coded: (     ) unmanaged control;
(      ) phase one restoration cleared to mineral substrate in May 2014; (      ) phase two cleared in May
2015; (      ) open mosaic habitat reference plot. Environmental variables are L, litter depth (Padj = 0.016),
and H, herbaceous plant species richness (Padj = 0.016). Numerical references for species names:
1 = Acupalpus brunnipes, 2 = Acupalpus dubius, 3 = Acupalpus parvulus, 4 = Agonum emarginatum,
5 = Agonum marginatum, 6 = Agonum muelleri, 7 = Amara aenea, 8 = Amara communis, 9 = Amara
convexior, 10 = Amara curta, 11 = Amara eurynota, 12 = Amara familiaris, 13 = Amara lunicollis,
14 = Amara montivaga, 15 = Amara ovata, 16 = Amara similata, 17 = Amara tibialis, 18 = Anchomenus
dorsalis, 19 = Anisodactylus binotatus, 20 = Asaphidion flavipes, 21 = Badister bullatus, 22 = Bembidion
assimile, 23 = Bembidion biguttatum, 24 = Bembidion femoratum, 25 = Bembidion illigeri, 26 = Bembidion
lunulatum, 27 = Bembidion minimum, 28 = Bembidion obtusum, 29 = Bembidion properans,
30 = Bembidion quadrimaculatum, 31 = Brachinus crepitans, 32 = Bradycellus verbasci, 33 = Calathus
cinctus, 34 = Calathus fuscipes, 35 = Calathus rotundicollis, 36 = Carabus nemoralis, 37 = Carabus
violaceus, 38 = Chlaenius nigricornis, 39 = Clivina fossor, 40 = Curtonotus aulicus, 41 = Curtonotus
convexiusculus, 42 = Dyschirius aeneus, 43 = Dyschirius luedersi, 44 = Dyschirius politus,
45 = Elaphropus parvulus, 46 = Elaphrus riparius, 47 = Harpalus affinis, 48 = Harpalus anxius,
49 = Harpalus attenuatus, 50 = Harpalus rubripes, 51 = Harpalus rufipes, 52 = Harpalus tardus,
53 = Leistus ferrugineus, 54 = Loricera pilicornis, 55 = Microlestes maurus, 56 = Microlestes minutulus,
57 = Nebria brevicollis, 58 = Notiophilus biguttatus, 59 = Notiophilus palustris, 60 = Notiophilus
substriatus, 61 = Ophonus azureus,  62 = Ophonus puncticeps, 63 = Ophonus rufibarbis,
64 = Panagaeus bipustulatus, 65 = Paradromius linearis, 66 = Poecilus cupreus, 67 = Pterostichus
gracilis, 68 = Pterostichus macer, 69 = Pterostichus madidus, 70 = Pterostichus melanarius,
71 = Pterostichus niger, 72 = Pterostichus nigrita, 73 = Pterostichus strenuus, 74 = Pterostichus vernalis,
75 = Stenolophus mixtus, 76 = Stenolophus teutonus, 77 = Stomis pumicatus, 78 = Syntomus foveatus,
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Figure 2.8 Biplot scores for staphylinid species (?), environmental variables (?), and treatment plots, calculated with
Canonical Correspondence Analysis of the staphylinid assemblage at Canvey Wick in 2015, as determined from
captures in pitfall traps. Management treatments are coded (      ) unmanaged control; (      ) phase one restoration
cleared to mineral substrate in May 2014; (       ) phase two cleared in May 2015; (      ) open mosaic habitat
reference plot. Environmental variables are L, litter depth (Padj = 0.016); B, bare ground (Padj = 0.016); F, field layer
height (Padj = 0.05). Numerical references for species names: 1 = Aleochara bipustulata, 2 = Aleochara brevipennis,
3 = Aleochara curtula, 4 = Aleochara sparsa, 5 = Aloconota gregaria, 6 = Amarochara forticornis, 7 = Amischa analis,
8 = Amischa decipiens, 9 = Anotylus nitidulus, 10 = Anotylus rugosus, 11 = Anotylus sculpturatus, 12 = Anotylus
tetracarinatus, 13 = Atheta aquatica, 14 = Atheta castanoptera, 15 = Atheta vaga, 16 = Autalia rivularis, 17 = Bledius
gallicus, 18 = Brachygluta fossulata, 19 = Brundinia marina, 20 = Callicerus rigidicornis, 21 = Calodera protensa,
22 = Carpelimus bilineatus, 23 = Carpelimus corticinus, 24 = Carpelimus gracilis, 25 = Carpelimus incongruus,
26 = Chaetida longicornis, 27 = Cordalia obscura, 28 = Cypha longicornis, 29 = Dinaraea angustula, 30 = Drusilla
canaliculata, 31 = Gabrius appendiculatus, 32 = Gabrius breviventer, 33 = Gabrius nigritulus, 34 = Gyrohypnus
angustatus, 35 = Gyrohypnus wagneri, 36 = Gyrophaena bihamata, 37 = Gyrophaena fasciata, 38 = Ilyobates
nigricollis, 39 = Ilyobates propinquus, 40 = Ischnosoma splendidum, 41 = Lathrobium brunnipes, 42 = Lathrobium
geminum, 43 = Liogluta longiuscula, 44 = Liogluta pagana, 45 = Meotica exilis, 46 = Microdota indubia,
47 = Nehemitropia lividipennis, 48 = Neobisnius procerulus, 49 = Neobisnius villosulus, 50 = Ocypus fuscatus,
51 = Ocypus olens, 52 = Oligota pumilio, 53 = Omalium septentrionis, 54 = Othius punctulatus, 55 = Othius
subuliformis, 56 = Oxypoda brachyptera, 57 = Oxypoda brevicornis, 58 = Paederus littoralis, 59 = Pella limbata,
60 = Philhygra elongatula, 61 = Philhygra palustris, 62 = Philonthus cognatus, 63 = Philonthus fumarius,
64 = Philonthus micans, 65 = Philonthus succicola, 66 = Planeustomus palpalis, 67 = Platydracus stercorarius,
68 = Platystethus alutaceus, 69 = Platystethus nitens, 70 = Pselaphus heisei, 71 = Quedius boops, 72 = Quedius
curtipennis, 73 = Quedius levicollis, 74 = Quedius picipes, 75 = Rugilus erichsonii, 76 = Rugilus orbiculatus,
77 = Rugilus rufipes, 78 = Staphylinus dimidiaticornis, 79 = Stenichnus bicolor, 80 = Stenichnus scutellaris,
81 = Stenus bimaculatus, 82 = Stenus brunnipes, 83 = Stenus canaliculatus, 84 = Stenus clavicornis, 85 = Stenus
juno, 86 = Stenus nanus, 87 = Stenus pusillus, 88 = Tachinus rufipes, 89 = Tachyporus dispar, 90 = Tachyporus
hypnorum, 91 = Tachyporus nitidulus, 92 = Tachyporus pusillus, 93 = Tachyporus scitulus, 94 = Tasgius ater,
95 = Tasgius morsitans, 96 = Thecturota marchii, 97 = Xantholinus elegans, 98 = Xantholinus linearis,





















































































































































Figure 2.9 Biplot scores for spider species (?), environmental variables (?), and treatment plots, calculated
with Canonical Correspondence Analysis of the spider assemblage at Canvey Wick in 2015, as determined
from captures in pitfall traps. Management treatments are coded (     ) unmanaged control; (      ) phase one
restoration cleared to mineral substrate in May 2014; (      ) phase two cleared in May 2015; (      ) open
mosaic habitat reference plot. The environmental variable is L, litter depth (Padj = 0.016). Numerical
references for species names: 1 = Agraecina striata, 2 = Agroeca inopina, 3 = Alopecosa pulverulenta,
4 = Antistea elegans, 5 = Arctosa leopardus, 6 = Argenna subnigra, 7 = Bathyphantes gracilis,
8 = Bathyphantes parvulus, 9 = Cheiracanthium virescens, 10 = Clubiona comta, 11 = Clubiona pallidula,
12 = Clubiona reclusa, 13 = Diplocephalus picinus, 14 = Diplostyla concolor, 15 = Dismodicus bifrons,
16 = Drassodes cupreus, 17 = Drassyllus pusillus, 18 = Dysdera crocata, 19 = Erigone arctica, 20 = Erigone
atra, 21 = Erigone dentipalpis, 22 = Euophrys frontalis, 23 = Hahnia nava, 24 = Haplodrassus signifer,
25 = Heliophanus flavipes, 26 = Linyphia hortensis, 27 = Maso sundevalli, 28 = Meioneta beata,
29 = Meioneta rurestris, 30 = Meioneta saxatilis, 31 = Micaria pulicaria, 32 = Micrargus subaequalis,
33 = Microneta viaria, 34 = Oedothorax apicatus, 35 = Oedothorax fuscus, 36 = Oedothorax retusus,
37 = Ostearius melanopygius, 38 = Ozyptila brevipes, 39 = Ozyptila praticola, 40 = Ozyptila sanctuaria,
41 = Ozyptila simplex, 42 = Pachygnatha degeeri, 43 = Pardosa agrestis, 44 = Pardosa nigriceps,
45 = Pardosa palustris, 46 = Pardosa prativaga, 47 = Pardosa pullata, 48 = Pardosa saltans, 49 = Pelecopsis
parallela, 50 = Phrurolithus festivus, 51 = Pirata piraticus, 52 = Pocadicnemis juncea, 53 = Porrhomma
microphthalmum, 54 = Talavera aequipes, 55 = Tenuiphantes tenuis, 56 = Tiso vagans, 57 = Trachyzelotes
pedestris, 58 = Trochosa ruricola, 59 = Trochosa terricola, 60 = Walckenaeria acuminata, 61 = Walckenaeria
antica, 62 = Walckenaeria atrotibialis, 63 = Walckenaeria vigilax, 64 = Xysticus cristatus, 65 = Xysticus kochi,
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Figure 3.1 Principal Coordinates Analysis (PCoA) of the similarity between 80 species of Carabidae,
based on 10 traits. Wing morphology is given as macropterous, dimorphic, or brachypterous. Trophic
group is given as predatory, omnivorous, or phytophagous. Breeding period is given as spring or
autumn. Body size is the median from the range given in Luff (2007). Conservation status is based on
the most recent published review (Telfer, 2016). Vectors represent the Spearman correlation of traits,
with the length and direction of each arrow indicating the relationship with PCoA axes. Samples were
collected from Canvey Wick, Essex, in 2015 from areas of closed canopy scrub (n=6), scrub cleared
and substrate scraped to mineral soil in May 2014 (phase one, n=3), scrub cleared and substrate
scraped to mineral soil in May 2015 (n=6), and open mosaic habitat reference plots (n=5). Samples
were pooled in each year from six pitfall traps per monitoring plot, open for nine days in June, July,
and August. Species within the six most numerically abundant carabid tribes are displayed with
symbols: Bembidiini (      ), Harpalini (      ), Lebiini (      ), Pterostichini (      ), Scaritini (      ), and
Zabrini (      ). The remaining species are pooled into one symbol (      ). 
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Figure 3.2 Principal Coordinates Analysis (PCoA) of the similarity between 99 species of Staphylinidae,
based on three traits. Body size is the median from the range given in Lott (2009), Lott & Anderson (2011),
and Freude et al. (1974). Adult resource preference is given as litter, myrmecophilous, phytophagous,
mycetophilous, or dung and carrion.  Conservation status is based on the most recent published review
(Hyman, 1994). Vectors represent the Spearman correlation of traits, with the length and direction of each
arrow indicating the relationship with PCoA axes. Samples were collected from Canvey Wick, Essex, in
2015 from areas of closed canopy scrub (n=6), scrub cleared and substrate scraped to mineral soil in
May 2014 (phase one, n=3), scrub cleared and substrate scraped to mineral soil in May 2015 (n=6), and
open mosaic habitat reference plots (n=5). Samples were pooled in each year from six pitfall traps per
monitoring plot, open for nine days in June, July, and August. Species within the six most numerically
abundant staphylinid tribes are displayed with unique symbols: Athetini (      ), Oxypodini (      ),
Oxytelini (      ), Paederini (      ), Staphylinini (      ) and Thinobiini (      ). The remaining species are pooled
into one symbol (      ). 

























Figure 3.3 Principal Coordinates Analysis (PCoA) of the similarity between 67 species of spider,
based on six traits. Hunting strategy is given as running, ambush, or web, based on the guild structure
in Uetz (1999). Dispersal is based on species-specific records of ballooning in Bell (2005) and
Blandenier (2009). Moisture and shade perference is taken from Entling (1997). Body size is the
median from the range given for females in Roberts (1985, 1987). Conservation status is based on the
most recent available review (Merrett, 1990). Vectors represent the Spearman correlation of traits,
with the length and direction of each arrow indicating the relationship with PCoA axes. Samples were
collected from Canvey Wick, Essex, in 2015 from areas of closed canopy scrub (n=6), scrub cleared
and substrate scraped to mineral soil in May 2014 (phase one, n=3), scrub cleared and substrate
scraped to mineral soil in May 2015 (n=6), and open mosaic habitat reference plots (n=5). Samples
were pooled in each year from six pitfall traps per monitoring plot, open for nine days in June, July,
and August. Species within the six most numerically abundant spider families are displayed with
unique symbols: Clubionidae (      ), Gnaphosidae (      ), Liocranidae (      ), Linyphiidae (      ),
Lycosidae (      ), and Thomisidae (      ). The remaining species are pooled into one symbol (      ). 
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Figure 4.1 Experimental design for ground disturbance plots at Canvey Wick, Essex. Scraping
removed all vegetation and organic soil horizons, which were taken away from the experimental
area.  Vegetation and humus layers were shallowly buried during excavator disturbance.
Treatments were applied in November 2015. Basemap source: Esri, DigitalGlobe, GeoEye,
i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS
user community.
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Figure 4.6 Biplot scores for stenotopic early successional beetle species (?) and treatment plots,
calculated from Non-Metric Multidimensional Scaling of abundance data at Canvey Wick ground
disturbance plots, in 2015 and 2016 (stress value = 0.1448, 3 dimensions). Ordination was based on a
matrix of Jaccard dissimilarities, with a maximum of 100 random starts to search for the lowest stress
solution. Samples were pooled in each year from three pitfall traps per monitoring plot (n=27), open for
sixteen days in May, July, and September. All plots were monitored before management in 2015.
Excavator disturbance and scraping treatments were applied in November 2015 (both n=9), and
monitoring was repeated in 2016. Management treatments are coded (          ) unmanaged grassland
in 2015, (          ) unamanged grassland in 2015, (          ) unmanaged grassland in 2015, (          )
unmanaged grassland in 2016, (          ) excavator disturbance plots in 2016, (          ) scraped plots in
2016. Numerical references for species names: 1 = Agonum marginatum, 2 = Amara aenea,
3 = Amara convexior, 4 = Amara eurynota, 5 = Amara tibialis, 6 = Anthicus antherinus,
7 = Anthracus consputus, 8 = Bembidion lunulatum, 9 = Bembidion varium, 10 = Bledius gallicus,
11 = Bledius opacus, 12 = Brachinus crepitans, 13 = Calathus ambiguus, 14 = Carpelimus corticinus,
15 = Carpelimus erichsoni, 16 = Carpelimus gracilis, 17 = Carpelimus incongruus, 18 = Carpelimus
rivularis, 19 = Curimopsis maritima, 20 = Curtonotus convexiusculus, 21 = Dyschirius aeneus,
22 = Dyschirius luedersi, 23 = Dyschirius politus, 24 = Elaphrus riparius, 25 = Harpalus rubripes,
26 = Harpalus tardus, 27 = Hippodamia variegata, 28 = Leiodes rufipennis, 29 = Melanophthalma
suturalis, 30 = Neobisnius procerulus, 31 = Notiophilus substriatus, 32 = Notoxus monoceros,
33 = Otiorhynchus ovatus, 34 = Paederus littoralis, 35 = Panagaeus bipustulatus, 36 = Paradromius
linearis, 37 = Philonthus quisquiliarius, 38 = Platystethus alutaceus, 39 = Platystethus nitens,
40 = Poecilus cupreus, 41 = Sitona cylindricollis, 42 = Sunius propinquus, 43 = Syntomus foveatus,
44 = Tasgius globulifer, 45 = Tasgius winkleri, 46 = Thecturota marchii, 47 = Thinonoma atra,


























































Figure 4.7 Biplot scores for stenotopic early successional beetle species (?) and treatment plots,
calculated from Non-Metric Multidimensional Scaling of abundance data at Canvey Wick ground
disturbance plots, in 2015 and 2016 (stress value = 0.1295, 3 dimensions). Ordination was based on
a matrix of Bray-Curtis dissimilarities, with a maximum of 100 random starts to search for the lowest
stress solution. Samples were pooled in each year from three pitfall traps per monitoring plot (n=27),
open for 16 days in May, July, and September. All plots were monitored before management in 2015.
Excavator disturbance and scraping treatments were applied in November 2015 (both n=9), and
monitoring was repeated in 2016. Management treatments are coded (          ) unmanaged grassland
in 2015, (          ) unamanged grassland in 2015, (          ) unmanaged grassland in 2015,
(          ) unmanaged grassland in 2016, (          ) excavator disturbance plots in 2016, (          ) scraped
plots in 2016. Numerical references for species names: 1 = Agonum marginatum, 2 = Amara aenea,
3 = Amara convexior, 4 = Amara eurynota, 5 = Amara tibialis, 6 = Anthicus antherinus, 7 = Anthracus
consputus, 8 = Bembidion lunulatum, 9 = Bembidion varium, 10 = Bledius gallicus, 11 = Bledius
opacus, 12 = Brachinus crepitans, 13 = Calathus ambiguus, 14 = Carpelimus corticinus,
15 = Carpelimus erichsoni, 16 = Carpelimus gracilis, 17 = Carpelimus incongruus, 18 = Carpelimus
rivularis, 19 = Curimopsis maritima, 20 = Curtonotus convexiusculus, 21 = Dyschirius aeneus,
22 = Dyschirius luedersi, 23 = Dyschirius politus, 24 = Elaphrus riparius, 25 = Harpalus rubripes,
26 = Harpalus tardus, 27 = Hippodamia variegata, 28 = Leiodes rufipennis, 29 = Melanophthalma
suturalis, 30 = Neobisnius procerulus, 31 = Notiophilus substriatus, 32 = Notoxus monoceros,
33 = Otiorhynchus ovatus, 34 = Paederus littoralis, 35 = Panagaeus bipustulatus, 36 = Paradromius
linearis, 37 = Philonthus quisquiliarius, 38 = Platystethus alutaceus, 39 = Platystethus nitens,
40 = Poecilus cupreus, 41 = Sitona cylindricollis, 42 = Sunius propinquus, 43 = Syntomus foveatus,
44 = Tasgius globulifer, 45 = Tasgius winkleri, 46 = Thecturota marchii, 47 = Thinonoma atra,
































































Figure 4.8 Biplot scores for stenotopic early successional spider species (?) and treatment plots,
calculated from Non-metric Multidimensional Scaling of presence/absence data at Canvey Wick
ground disturbance plots, in 2015 and 2016 (stress value = 0.1184, 3 dimensions). Ordination was
based on a matrix of Jaccard dissimilarities, with a maximum of 100 random starts to search for the
lowest stress solution. Samples were pooled in each year from three pitfall traps per monitoring plot
(n=27), open for 16 days in May, July,and September. All plots were monitored before management in
2015. Excavator disturbance and scraping treatments were applied in November 2015 (both n=9), and
monitoring was repeated in 2016. Management treatments are coded (          ) unmanaged grassland
in 2015, (          ) unamanged grassland in 2015, (          ) unmanaged grassland in 2015,
(          ) unmanaged grassland in 2016, (          ) excavator disturbance plots in 2016, (          ) scraped
plots in 2016. Numerical references for species names: 1 = Arctosa leopardus, 2 = Argenna subnigra,
3 = Clubiona neglecta, 4 = Drassodes cupreus, 5 = Drassyllus pusillus, 6 = Dysdera crocata,
7 = Erigone arctica, 8 = Haplodrassus signifer, 9 = Mermessus trilobatus, 10 = Ozyptila simplex,
11 = Pardosa agrestis, 12 = Sibianor aurocinctus, 13 = Trachyzelotes pedestris, 14 = Xysticus kochi,






























Figure 4.9 Biplot scores for stenotopic early successional spider species (?) and treatment plots,
calculated from Non-metric Multidimensional Scaling of presence/absence data at Canvey Wick ground
disturbance plots, in 2015 and 2016 (stress value = 0.1267, 3 dimensions). Ordination was based on a
matrix of Bray-Curtis dissimilarities, with a maximum of 100 random starts to search for the lowest stress
solution. Samples were pooled in each year from three pitfall traps per monitoring plot (n=27), open for
16 days in May, July,and September. All plots were monitored before management in 2015. Excavator
disturbance and scraping treatments were applied in November 2015 (both n=9), and monitoring was
repeated in 2016. Management treatments are coded (          ) unmanaged grassland in 2015,
(          ) unamanged grassland in 2015, (          ) unmanaged grassland in 2015 (          ) unmanaged
grassland in 2016, (          ) excavator disturbance plots in 2016, (          ) scraped plots in 2016.
Numerical references for species names: 1 = Arctosa leopardus, 2 = Argenna subnigra, 3 = Clubiona
neglecta, 4 = Drassodes cupreus, 5 = Drassyllus pusillus, 6 = Dysdera crocata, 7 = Erigone arctica,
8 = Haplodrassus signifer, 9 = Mermessus trilobatus, 10 = Ozyptila simplex, 11 = Pardosa agrestis,
12 = Sibianor aurocinctus, 13 = Trachyzelotes pedestris, 14 = Xysticus kochi, 15 = Zelotes apricorum,
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? ?? ????? ?
Legend
Grassland control Thanet sand mound Recycled bulk fill mound
Figure 5.6 Experimental design for aggregate mound creation at Rainham Marshes,
Essex. Basemap source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX,
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N
Legend
Grassland control Thanet sand mound Recycled bulk fill mound
Figure 5.7 Experimental design for aggregate mound creation at Hadleigh Park,
Essex. Basemap source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX,
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Legend
Grassland control Thanet sand mound Recycled bulk fill mound
Figure 5.8 Experimental design for aggregate mound creation at Pitsea Landfill,
Essex. Basemap source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX,
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Figure 5.11 Biplot scores for stenotopic early successional beetle and spider species (?) and
treatment plots, calculated from Non-metric Multidimensional Scaling of presence-absence data at
south Essex aggregate mounds, 2015-2016 (stress value = 0.13994, 3 dimensions). Ordination was
based on a matrix of Jaccard dissimilarities, with a maximum of 100 random starts to search for the
lowest stress solution. Samples were pooled in both years from two pitfall traps per monitoring plot,
open for 14 days in May, July, and September. Treatments were 5-tonne mounds of recycled bulk fill
(n=9) or Thanet sand (n=9), and unmanaged grassland controls (n=9). Treatments are coded recycled
bulk fill (      ), Thanet sand (      ), unmanaged grassland (      ). Sites are coded Hadleigh Park (         ),
Pitsea Landfill (         ), Rainham Marshes (          ). Numerical references for species names:
1 = Amara aenea, 2 = Amara convexior, 3 = Amara eurynota, 4 = Amara familiaris, 5 = Amara tibialis,
6 = Anotylus inustus, 7 = Anthicus antherinus, 8 = Argenna subnigra, 9 = Astenus lyonessius,
10 = Bembidion femoratum, 11 = Bembidion lunulatum, 12 = Brachinus crepitans, 13 = Calathus 
ambiguus, 14 = Carpelimus corticinus, 15 = Carpelimus incongruus, 16 = Carpelimus rivularis,
17 = Centromerus capucinus, 18 = Crustulina guttata, 19 = Curtonotus convexiusculus,
20 = Drassodes cupreus, 21 = Drassyllus pusillus, 22 = Dysdera crocata, 23 = Elaphrus riparius,
24 = Haplodrassus signifer, 25 = Harpalus anxius, 26 = Harpalus attenuatus, 27 = Harpalus rubripes,
28 = Harpalus tardus, 29 = Helophorus rufipes, 30 = Hypera fuscocinerea, 31 = Lobrathium
multipunctum, 32 = Melanophthalma suturalis, 33 = Microlestes minutulus, 34 = Neobisnius villosulus,
35 = Notiophilus substriatus, 36 = Omphalapion hookerorum, 37 = Ophonus ardosiacus,
38 = Ophonus azureus, 39 = Otiorhynchus ligneus, 40 = Otiorhynchus ovatus, 41 = Otiorhynchus
raucus, 42 = Oxypoda brachyptera, 43 = Oxypoda procerula, 44 = Ozyptila simplex, 45 = Paederus
littoralis, 46 = Panagaeus bipustulatus, 47 = Paradromius linearis, 48 = Pardosa agrestis,
49 = Philhygra debilis, 50 = Philhygra palustris, 51 = Philorhizus melanocephalus, 52 = Phrurolithus
minimus, 53 = Platyderus depressus, 54 = Platystethus alutaceus, 55 = Platystethus nitens,
56 = Poecilus cupreus, 57 = Romualdius angustisetulus, 58 = Rugilus orbiculatus, 59 = Scybalicus
oblongiusculus, 60 = Sibianor aurocinctus, 61 = Sunius propinquus, 62 = Tasgius ater, 63 = Tasgius
globulifer, 64 = Tasgius winkleri, 65 = Tegenaria agrestis, 66 = Trachyzelotes pedestris,
67 = Troxochrus scabriculus, 68 = Walckenaeria capito, 69 = Xantholinus elegans, 70 = Xysticus



















































































Figure 5.12 Biplot scores for stenotopic early successional beetle and spider species (?) and
treatment plots, calculated from Non-metric Multidimensional Scaling of abundance data at south
Essex aggregate mounds, in 2015- 2016 (stress value = 0.13228, 3 dimensions). Ordination was
based on a matrix of Bray-Curtis dissimilarities, with a maximum of 100 random starts to search for
the lowest stress solution. Samples were pooled in each year from two pitfall traps per monitoring plot,
open for 14 days in May, July, and September. Treatments were 5-tonne mounds of recycled bulk fill
(n=9) or Thanet sand (n=9), and unmanaged grassland controls (n=9). Treatments are coded recycled
bulk fill (      ), Thanet sand (      ), unmanaged grassland (      ). Sites are coded Hadleigh Park (         ),
Pitsea Landfill (         ), Rainham Marshes (          ). Numerical references for species names:
1 = Amara aenea, 2 = Amara convexior, 3 = Amara eurynota, 4 = Amara familiaris, 5 = Amara tibialis,
6 = Anotylus inustus, 7 = Anthicus antherinus, 8 = Argenna subnigra, 9 = Astenus lyonessius,
10 = Bembidion femoratum, 11 = Bembidion lunulatum, 12 = Brachinus crepitans, 13 = Calathus
ambiguus, 14 = Carpelimus corticinus, 15 = Carpelimus incongruus, 16 = Carpelimus rivularis,
17 = Centromerus capucinus, 18 = Crustulina guttata, 19 = Curtonotus convexiusculus,
20 = Drassodes cupreus, 21 = Drassyllus pusillus, 22 = Dysdera crocata, 23 = Elaphrus riparius,
24 = Haplodrassus signifer, 25 = Harpalus anxius, 26 = Harpalus attenuatus, 27 = Harpalus rubripes,
28 = Harpalus tardus, 29 = Helophorus rufipes, 30 = Hypera fuscocinerea, 31 = Lobrathium
multipunctum, 32 = Melanophthalma suturalis, 33 = Microlestes minutulus, 34 = Neobisnius villosulus,
35 = Notiophilus substriatus, 36 = Omphalapion hookerorum, 37 = Ophonus ardosiacus,
38 = Ophonus azureus, 39 = Otiorhynchus ligneus, 40 = Otiorhynchus ovatus, 41 = Otiorhynchus
raucus, 42 = Oxypoda brachyptera, 43 = Oxypoda procerula, 44 = Ozyptila simplex, 45 = Paederus
littoralis, 46 = Panagaeus bipustulatus, 47 = Paradromius linearis, 48 = Pardosa agrestis,
49 = Philhygra debilis, 50 = Philhygra palustris, 51 = Philorhizus melanocephalus, 52 = Phrurolithus
minimus, 53 = Platyderus depressus, 54 = Platystethus alutaceus, 55 = Platystethus nitens,
56 = Poecilus cupreus, 57 = Romualdius angustisetulus, 58 = Rugilus orbiculatus, 59 = Scybalicus
oblongiusculus, 60 = Sibianor aurocinctus, 61 = Sunius propinquus, 62 = Tasgius ater, 63 = Tasgius
globulifer, 64 = Tasgius winkleri, 65 = Tegenaria agrestis, 66 = Trachyzelotes pedestris,
67 = Troxochrus scabriculus, 68 = Walckenaeria capito, 69 = Xantholinus elegans, 70 = Xysticus
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Figure 5.13 Biplot scores for aculeate Hymenoptera species (?) and treatment plots, calculated from
Non-metric Multidimensional Scaling of presence-absence data at aggregate mounds in south Essex,
2015-2016 (stress value = 0.1417, 3 dimensions). Ordination was based on a matrix of Jaccard
dissimilarities, with a maximum of 100 random starts to search for the lowest stress solution. Samples
were pooled from both years, based on 30 minutes hand netting per plot (n=27), during three visits in
May, June, and August. Treatments were 5-tonne mounds of recycled bulk fill or Thanet sand, and
unmanaged grassland. There was zero data from unmanaged grassland plots, and these were not
included in the ordation. Treatments are coded recycled bulk fill (      ), Thanet sand (      ).  Sites are
coded Hadleigh Park (         ), Pitsea Landfill (         ), Rainham Marshes (          ). Numerical
references for species names: 1 = Ammophila sabulosa, 2 = Andrena chrysosceles, 3 = Andrena
dorsata, 4 = Andrena flavipes, 5 = Andrena haemorrhoa, 6 = Andrena labialis, 7 = Andrena minutula,
8 = Andrena nigroaenea, 9 = Andrena nitida, 10 = Andrena praecox, 11 = Andrena scotica,
12 = Anoplius concinnus, 13 = Anthophora bimaculata, 14 = Arachnospila anceps, 15 = Auplopus
carbonarius, 16 = Cerceris arenaria, 17 = Cerceris quinquefasciata, 18 = Cerceris rybyensis,
19 = Crossocerus wesmaeli, 20 = Entomognathus brevis, 21 = Episyron rufipes, 22 = Gorytes
quadrifasciatus, 23 = Halictus rubicundus, 24 = Hylaeus communis, 25 = Hylaeus hyalinatus,
26 = Lasioglossum albipes, 27 = Lasioglossum calceatum, 28 = Lasioglossum leucozonium,
29 = Lasioglossum malachurum, 30 = Lasioglossum minutissimum, 31 = Lasioglossum morio,
32 = Lasioglossum parvulum, 33 = Lasioglossum pauperatum, 34 = Lasioglossum pauxillum,
35 = Lasioglossum puncticolle, 36 = Lasioglossum villosulum, 37 = Melitta leporina, 38 = Mimumesa
unicolor, 39 = Nomada flava, 40 = Nomada flavoguttata, 41 = Nomada flavopicta, 42 = Nomada
goodeniana, 43 = Nomada marshamella, 44 = Oxybelus uniglumis, 45 = Philanthus triangulum,
46 = Priocnemis pusilla, 47 = Sphecodes ephippius, 48 = Sphecodes geoffrellus, 49 = Sphecodes
gibbus, 50 = Sphecodes longulus, 51 = Sphecodes monilicornis, 52 = Sphecodes puncticeps,































































Figure 5.14 Biplot scores for aculeate Hymenoptera species (?) and treatment plots, calculated from
Non-metric Multidimensional Scaling of abundance data at aggregate mounds in south Essex,
2015-2016 (stress value = 0.1261, 3 dimensions). Ordination was based on a matrix of Bray-Curtis
dissimilarities, with a maximum of 100 random starts to search for the lowest stress solution. Samples
were pooled from both years, based on 30 minutes hand netting per plot, during three visits in May,
June, and August. Treatments were 5-tonne mounds of recycled bulk fill (n=9) or Thanet sand (n=9),
and unmanaged grassland (n=9). There was zero data from unmanaged grassland plots, and these
were not included in the ordation. Treatments are coded recycled bulk fill (      ), Thanet sand (      ). 
Sites are coded Hadleigh Park (         ), Pitsea Landfill (         ), Rainham Marshes (          ). Numerical
references for species names: 1 = Ammophila sabulosa, 2 = Andrena chrysosceles, 3 = Andrena
dorsata, 4 = Andrena flavipes, 5 = Andrena haemorrhoa, 6 = Andrena labialis, 7 = Andrena minutula,
8 = Andrena nigroaenea, 9 = Andrena nitida, 10 = Andrena praecox, 11 = Andrena scotica,
12 = Anoplius concinnus, 13 = Anthophora bimaculata, 14 = Arachnospila anceps, 15 = Auplopus
carbonarius, 16 = Cerceris arenaria, 17 = Cerceris quinquefasciata, 18 = Cerceris rybyensis,
19 = Crossocerus wesmaeli, 20 = Entomognathus brevis, 21 = Episyron rufipes, 22 = Gorytes
quadrifasciatus, 23 = Halictus rubicundus, 24 = Hylaeus communis, 25 = Hylaeus hyalinatus,
26 = Lasioglossum albipes, 27 = Lasioglossum calceatum, 28 = Lasioglossum leucozonium,
29 = Lasioglossum malachurum, 30 = Lasioglossum minutissimum, 31 = Lasioglossum morio,
32 = Lasioglossum parvulum, 33 = Lasioglossum pauperatum, 34 = Lasioglossum pauxillum,
35 = Lasioglossum puncticolle, 36 = Lasioglossum villosulum, 37 = Melitta leporina, 38 = Mimumesa
unicolor, 39 = Nomada flava, 40 = Nomada flavoguttata, 41 = Nomada flavopicta, 42 = Nomada
goodeniana, 43 = Nomada marshamella, 44 = Oxybelus uniglumis, 45 = Philanthus triangulum,
46 = Priocnemis pusilla, 47 = Sphecodes ephippius, 48 = Sphecodes geoffrellus, 49 = Sphecodes
gibbus, 50 = Sphecodes longulus, 51 = Sphecodes monilicornis, 52 = Sphecodes puncticeps,





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 5.15 Biplot scores for invertebrate functional groups (?), environmental variables (?), and
treatment plots, calculated with Redundancy Analysis (RDA) of beetle and spider assemblages from the
aggregate mound creation experiment in 2015. Samples were pooled from two pitfall traps per
monitoring plot (n=27), open for 14 days in May, July, and September. Treatments were 5-tonne
mounds of recycled bulk fill or Thanet sand, and unmanaged grassland controls. Treatments are coded
recycled bulk fill (                ), Thanet sand (                ), unmanaged grassland (                ). Sites are
coded Hadleigh Park (                ), Pitsea Landfill (                ), Rainham Marshes (                ).
Environmental variables are coded B, bare ground; H, herbaceous plant species richness; A, annual
plant species richness; P, perennial plant species richess; G, graminoid species richess; L, litter depth.
RDA scaling was focused on inter-species correlations and centred by species. Treatments and sites
were included in the final triplot but were not used to influence the analysis. Relationships between
environmental variables and distribution of functional groups were tested by forward selection (Monte
Carlo test, 500 permutations). Permutations were made within but not between whole plots that were
defined by sites. Significant variables were percentage of bare ground (Padj = 0.014), graminoid
species richness (Padj = 0.024) and herbaceous plant species richness (Padj = 0.014). Other
environmental variables either correlated with these three, or did not describe a significant proportion






















Figure 5.16 Biplot scores for invertebrate functional groups (?), environmental variables (?), and
treatment plots, calculated with Redundancy Analysis (RDA) of beetle and spider assemblages from the
aggregate mounds experiment in 2016. Samples were pooled from two pitfall traps per monitoring plot
(n=27), open for 14 days in May, July, and September. Treatments were 5-tonne mounds of recycled
bulk fill or Thanet sand, and unmanaged grassland controls. Treatments are coded recycled bulk
fill (                ), Thanet sand (                ), unmanaged grassland (                ). Sites are coded
Hadleigh Park (                ), Pitsea Landfill (                ), Rainham Marshes (                ). Environmental
variables are coded B, bare ground; H, herbaceous plant species richness; A, annual plant species
richness; P, perennial plant species richess; G, graminoid species richess; L, litter depth. RDA scaling
was focused on inter-species correlations and centred by species. Treatments and sites were included
in the final triplot but were not used to influence the analysis. Relationships between environmental
variables and distribution of functional groups were tested by forward selection (Monte Carlo test, 500
permutations). Permutations were made within but not between whole plots that were defined by sites.
The significant variable was litter depth (Padj = 0.014). Other environmental variables either correlated
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